Abstract. At the resonant scattering and diffraction beamline P09 at PETRA III/DESY, polarization manipulation in the X-ray energy range 3-13 keV is possible using wave-plates. Recently, fast flipping of circular polarization helicity using the Raspberry Pi controlled FPGA (PiLC) device developed at DESY and dedicated piezo-electric flippers has been commissioned. Functionality of the PiLC for XMCD and first XMCD measurements at the Fe K-and Dy-L 3 absorption edges are presented.
INTRODUCTION
X-ray magnetic circular dichroism (XMCD) or X-ray resonant magnetic reflectivity (XRMR) techniques require left and right circularly polarized incident X rays. Circular polarization at spectroscopy beamlines is mostly directly generated by insertion devices, e.g. using a helical undulator like at ID12/ESRF. In the hard X-ray range, there is the additional possibility of using wave-plates in order to alter the linear polarization generated by the insertion devices [1, 2] . Phase-plates offer a convenient way of changing polarization of the incident X rays producing variable linear [3] or left and right circular polarization [4, 5] .
XMCD measures the difference in absorption between the left and the right helicity of the incoming X-ray beam upon reversing the helicity of the incoming cicularly polarized beam at relevant absorption edges in a material which exhibits a net magnetic moment component along the beam direction. In order to reduce artifacts due to drifts of temperature, intensity etc., it is of great advantage to oscillate rapidly between left and right circular polarization and to add up the two signals independently. This is usually done by combining a phase-plate with a phase-sensitive detection system (lock-in amplifier) [6] . Alternatively, with the availability of FPGA devices it is also possible to sort the incoming intensities into different channels directly. In this paper, we present the very flexible and low cost implementation of a logical controller consisting of a Raspberry Pi controlled FPGA device (PiLC), which has been developed at DESY, for the measurement of XMCD signals. We describe the implementation of this device at the resonant scattering and diffraction beamline P09 and present first data obtained with the setup.
EXPERIMENTAL SETUP
Beamline P09 at PETRA III is equipped with a spectroscopy undulator which supplies horizontally linear polarized synchrotron radiation. The photon helicity can be modulated between arbitrary linear and circular polarization by a double phase-retarder setup located after the monochromator in the optics hutch [7, 8] .
The double phase-retarder assembly consists of two separate and identical stages mounted in series. Each stage is equipped with three type-Ib diamond phase-plates mounted on one single holder [7] : a 100 and a 200 μm thick (111)-cut crystal and a 400 μm thick (100)-cut crystal. Those phase-plates will soon be replaced by 75 and 300 μm thick (100)-cut and 850 μm thick (110)-cut type-IIa crystals. Those have significantly lower rocking curve widths and will provide larger polarization rates at low offset angles and over an extended usable energy range. Linear translation stages supporting the flippers phase-plate assembly allow an easy change between the different plates. With phaseplates diffracting off the (111) reflection with the diffraction plane tilted by 45
• towards the ring plane, a defined angular offset angle away from the Bragg position modifies the polarization state of the forward scattered X rays. Like this, each phase-plate can be brought into half (HWP), quarter (QWP) or eighth wave-plate (EWP) condition. Circular polarization can be produced by either one single phase-plate in QWP conditions or by two wave-plates in series in EWP conditions. Depending on the direction of the angular offset angle with respect to the Bragg condition, circular left or circular right polarization is generated. Detuning to the left or the right results in different phase-plate effective thicknesses for the transmitted beam, which results in different incident intensities. This can be compensated by using two phase-plates in EWP conditions with the diffracting planes oriented at 90
• from each other [4] . It is also possible to generate 90
• oscillating linear polarization by using two phase-plates in QWP condition for the purpose of XMLD experiments [9] . In this case, the first plate is maintained at the QWP position while the second plate oscillates between left and right QWP position.
At P09, each phase-plate holder is mounted on a piezo-driven flipper (Huber Diffraktionstechnik) used to oscillate the phase-plate rapidly between the left and right circular polarization conditions. The flippers were originally developed at the XMaS beamline at ESRF [10] and allow for oscillation frequencies of up to 100 Hz [11] . The flippers are driven with a trapezoidal signal from an arbitrary wave produced by generator (AWFG) (TGA1240/AIM), exactly synchronized with a TTL signal, also provided by the AWFG (see Fig. 1 left) as gate signal for the PiLC.
The I 0 flux incident on the sample is monitored by two PIPS diodes detecting the X rays scattered vertically and horizontally from a glassy carbon foil mounted at a 45
• angle in the beam path. The transmitted signal I 1 after the sample is detected by a second PIPS diode positioned in the direct beam path (Fig. 1 left) . The signals are amplified by a Keithley 6485 Picoammeter and a Keithley 428 for I 0 and I 1 , respectively.
A Tango device running on the PiLC controls and reads the FPGA. Adjustable individual delays allow a separate summation of the signals produced with opposite helicity for a certain counting time as is shown in the sketch in Fig.  1 right. The intensities I 0 and I 1 are fed into the PiLC, where, according to the trigger signal and the delays Δt 1 and Δt 2 , the signals for left and right circular polarization are counted. When the gate signal of the AWFG changes state, the PiLC waits for time Δt 1 for the trapezoidal signal reaching a constant value. Then the intensities are summed up for a period Δt 2 , which is timed to stop acquisition in the PiLC before the trapezoidal signal changes again. This is repeated for the other gate status corresponding to opposite polarization. For each cycle, the ratios I + = I frequency chosen was 11.5 Hz.
In order to illustrate the feasibility of the XMCD technique at beamline P09, circular dichroism measurements were carried out on a Fe-foil and some DyFe 2 powder at low temperature and by flipping the helicity. The samples were mounted between the poles of an electromagnet with adjustable distance between the magnet poles, as is shown in Fig. 2 left. For this configuration, the magnetic flux density B of the magnet for a 50 mm gap between the poles is ±0.8 T. Room temperature measurements allow a smaller gap between the poles (25 mm) resulting in an applied field about of B = 1.2 T. The samples were mounted in a copper sample holder inside the closed cycle cryostat and cooled down to base temperature (< 10 K). Measurements were done in transmission geometry. For the DyFe 2 sample, fine sample powder was spread over several Scotch tapes to achieve the right sample thickness in the range of the absorption length. The incoming beam energy was tuned to the Dy-L 3 absorption edge. XMCD measurements on this sample are already well known and exhibit a strong magnetic signal around the absorption edge. In addition, complementary measurements were performed across the Fe K-edge on a 5 μm thick Fe-foil to also probe the small iron magnetic signal. All the measurements were done for opposite applied magnetic fields to correct for artifacts.
RESULTS
XMCD measurements were conducted using the 400 μm thick(100) cut diamond crystal at both the Fe K-edge and the Dy L 3 -edge to generate left and right circular polarization.
The degree of circular polarization at the Fe K-edge was characterized using the polarization analyzer mounted on the Psi-diffractometer in EH1 using a Cu(400) analyzer. [7] . The signals for left and right circular polarization were measured simultaneously using the PiLC, and revealed a degree of circular polarization of P − 3 = P + 3 = 0.95. In Figure 2 right the Fe K-edge XMCD signal together with the respective XANES signal is shown. The XMCD spectrum shows the expected XMCD fine structure but the signal is on average lower than the one already reported in the literature. This can be attributed to a significant degradation of the foil due to oxidation.
In Figure 3a and b, XMCD spectra at the Dy L 3 absorption edge of DyFe 2 are shown for configurations with one QWP and two EWP plates in a 90
• configuration, respectively. Spectra for field direction along and opposite to the beam are shown in each case and the insets show the final XMCD signal. A constant offset of the XMCD signal is seen when only one phase-plate in QWP condition is used, which might be attributed to the different effective thickness of the phase-plate for the forward scattered beam and possible problems with the normalization by the monitor signal (Fig. 3a) . If two phase-plates in EWP condition and 90
• geometry are used, the effective thickness of both crystals is identical for QWP left and right, resulting in a reduced offset (Fig. 3b) . From the magnitude of the signal it can be concluded that the degree of circular polarization is higher for two EWPs in 90
• configuration. The XMCD data for the DyFe 2 sample obtained here are similar in magnitude to data obtained by earlier measurements on this compound [12] . 
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SUMMARY AND OUTLOOK
The PiLC device offers a very flexible means of adapting electronics to special experimental needs and can be configured easily for special tasks. At beamline P09, the PiLC device was used to accurately extract and compute XMCD signals generated through fast oscillating diamond wave plates. This also demonstrates the usability of the piezoelectric flippers mounted below the phase-plates. The implementation of XMCD/XMLD at the resonant scattering and diffraction beamline offers the possibility of combining complementary methods for the study of the electronic and magnetic properties of materials. Immediate use of the setup for diffraction is possible for XRMR experiments, which are being performed successfully at P09 already [13] , or for resonant scattering experiments in combination with polarization analysis [14] .
